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Abstract Gaze avoidance is a hallmark behavioral fea-
ture of fragile X syndrome (FXS), but little is known about
whether abnormalities in the visual processing of faces,
including disrupted autonomic reactivity, may underlie this
behavior. Eye tracking was used to record fixations and
pupil diameter while adolescents and young adults with
FXS and sex- and age-matched typically developing con-
trols passively viewed photographs of faces containing
either a calm, happy, or fearful expression, preceded by a
scrambled face matched on luminance. Results provide
quantitative evidence for significant differences in gaze
patterns and increased pupillary reactivity when individu-
als with FXS passively view static faces. Such abnormal-
ities have significant implications in terms of under-
standing causes of gaze avoidance observed in individuals
with FXS.
Keywords Face processing  Fragile X syndrome 
FMR1 gene  Eye tracking  Pupil reactivity
Introduction
Fragile X syndrome (FXS) is the most common cause of
inherited mental impairment (Crawford et al. 2001) and, to
date, the most common known genetic cause of autism
(Cohen et al. 2005). Although it is widely reported that
gaze avoidance is a hallmark behavioral feature of FXS
(Bregman et al. 1988; Cohen et al. 1991; Garrett et al.
2004), it remains unknown whether abnormalities in the
visual processing of faces, including disrupted autonomic
reactivity, may contribute to this observed social deficit.
Difficulty for individuals with FXS to establish and
maintain eye-gaze during social interactions has been
physiologically associated with markedly increased levels
of cortisol or autonomic reactivity, suggesting that gaze
aversion may be a coping mechanism that serves to reduce
negative arousal (Belser and Sudhalter 1995; Hall et al.
2006; Hessl et al. 2002, 2006; Wisbeck et al. 2000).
Secretion of cortisol, by means of a cascade of hormones
along the hypothalamic-pituitary-adrenal (HPA) axis,
involves feedback between several limbic structures,
among which the amygdala plays a significant role, and
which have been implicated in FXS (Binstock 1995; Hessl
et al. 2004; Paradee et al. 1999).
Studies have shown that pupillary responses are regulated
by the autonomic nervous system in part in response to level
of emotional arousal (Bradley et al. 2008; Ekman et al.
1983; Hess and Polt 1960; Steinhauer et al. 2004). Pupil
dilation has been linked with direct electrical stimulation of
the amygdala (Gloor 1997) and neuroimaging findings have
shown that amygdala activity is associated with an obser-
ver’s pupil size as well as is sensitive to the pupil size of
others (Demos et al. 2008; Harrison et al. 2006).
The goals of the current study were to examine number
of fixations and gaze duration when individuals with FXS
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viewed photographs of faces with different emotional
content, and to measure face-specific changes in pupil
diameter as an index of autonomic arousal.
Methods
Participants
Participants included sixteen individuals with FXS (13
males) and sixteen typically developing (TD) controls (13
males). Individuals with FXS were confirmed to carry the
FMR1 full mutation as previously described (Saluto et al.
2005; Tassone et al. 2004). TD participants with no current
or past psychiatric diagnoses were recruited from the
community. Groups were individually matched on sex and
chronological age (t1, 30 = -0.085, p [ .05). At the time
of testing, 10 individuals with FXS (8 males) were being
treated with at least one class of medication; stimulant
(n = 3), antipsychotic (n = 4), and anti-depressant
(n = 5). One female control participant was being treated
with an anti-hypertensive medication.
The Social Communication Questionnaire (SCQ; (Rut-
ter et al. 2003) was used to evaluate symptoms of autism
spectrum disorder in participants with FXS. Individuals
with an SCQ score at or above 15 (n = 11, 9 males), or
who raised clinical concerns for ASD (1 male), were
referred for a more complete evaluation using the Autism
Diagnostic Observation Schedule-Generic (ADOS-G;
(Lord et al. 2002). Of these twelve, eight were diagnosed
with Autistic Disorder and two were diagnosed with Per-
vasive Developmental Disorder-Not Otherwise Specified
(PDD-NOS). Group characteristics are given in Table 1.
Apparatus and Stimuli
All stimuli were presented on a Tobii 1750 binocular eye
tracker monitor. This eye tracking system consists of a
high-resolution camera embedded in a 17-inch monitor
(1,280 9 1,024 pixels resolution, 50 Hz sampling rate,
average precision of 0.5 of visual angle). There are several
benefits of the Tobii 1750 system that make it conducive to
testing individuals with developmental disorders, including
approximately 20 cm of tolerance to head-motion in any
direction without requiring any head restraints. Stimuli
consisted of 60 colored photographs of adult human faces
(equal numbers of males and females, different races and
ethnicities) from the NimStim Face Stimulus Set (Totten-
ham 2002), each showing a calm, happy, or fearful
expression, and 60 scrambled versions of the face images.
Since it was critical that pupil responses following the
onset of the face stimulus be independent of a pupillary
light reflex, each face and its scramble were matched on
mean luminance, and equivalence was confirmed using a
photometer (Minolta, LS-100, Osaka, Japan). Face images
subtended a 12.12 by 17.19 region (the size of an actual
human face) when viewed from a distance of 60 cm, and
were presented on a standard 50% grey background.
Procedure
The experimental protocol was approved by the Institu-
tional Review Board at the University of California, Davis,
and informed consent was obtained from all participants or
their parents. Following a nine-point calibration, partici-
pants were told to view the pictures shown. Each trial
consisted of a scrambled face presented for 1 second fol-
lowed immediately by its matched face for 3 seconds. An
inter-trial interval containing a uniform grey screen was
shown for 0.5, 1, or 2 s, randomly determined. The order of
face presentation was randomized.
Analyses
Four area-of-interest (AOI) regions were defined for each
face: eyes (including the eyebrows), nose, mouth, and
other. Scrambled faces included a single AOI around the
ellipse. Measures included number of fixations (where a
fixation was defined as any data point within a 30 pixel
radius for a minimum duration of 100 ms) and proportion
of looking time to each AOI region.
Each participant’s pupil data, averaged from both eyes,
were first filtered to remove any outlier values corre-
sponding to blinks, loss of tracking data, or large changes
in head position. Mean pupil diameter was calculated for
250-ms intervals across the trial duration, time-locked to
the onset of the face stimulus. In order to determine the
Table 1 Descriptive characteristics of the fragile X syndrome (FXS)
and control groups (mean ± SEM)
FXS (n = 16) TD (n = 16)
Gender (M:F) 13:3 13:3
Chronological age (years) 16.99 ± 6.8 17.14 ± 6.3
Full scale IQa 58.36 ± 9.8
SCQ 15.45 ± 7.51
ADOS totalb 10.46 ± 4.07
FXS Fragile X syndrome, TD typically developing, SCQ social
communication questionnaire-lifetime version, ADOS autism diag-
nostic observation schedule
a Intellectual level was measured using the Weschler intelligence
scales (Wechsler 2003), n = 14 (two participants were not testable
due to extremely low functioning)
b n = 13
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presence of a face-specific pupil response, relative change
in pupil size was calculated by subtracting the mean pupil
size during the scrambled face from the mean pupil size
during each interval of the face presentation, and then
‘‘standardized’’ by dividing by the mean pupil size during
the scrambled face. A similar pupil change was calculated
for the intervals of the scrambled face, relative to the mean
pupil size during the inter-trial interval.
Results
Individuals with FXS made significantly fewer fixations to
the eye region of all faces (Fig. 1). A repeated-measures
analysis of variance (RMANOVA) with AOI region,
emotion, and group as independent variables and number
of fixations as the dependent variable revealed a main
effect of AOI region [F(3, 28) = 16.74, p = 0.001,
g2 = 0.642]. This effect was qualified by a significant
interaction between AOI region and group [F(3, 28)
= 5.12, p = 0.006, g2 = 0.354], such that individuals with
FXS made fewer fixations to the eye region of faces
compared to controls (Fig. 2). Individuals with FXS made
fewer fixations to the face overall [F(1, 31) = 8.926,
p \ 0.01), but no group difference was found for number
of fixations made to the scrambled faces [F(1, 31) = 3.154,
p [ 0.05], suggesting that the fixation differences observed
were specific to faces rather than generalizable to all
images.
Individuals with FXS spent significantly less time
looking at the eye region of all faces (Fig. 3). A RMA-
NOVA with AOI region, emotion, and group as indepen-
dent variables and proportion of gaze duration as the
dependent variable revealed a main effect of AOI region
[F(3, 28) = 29.94, p = 0.001, g2 = 0.762] and a signifi-
cant interaction between AOI region and group
[F(3,28) = 3.56, p = 0.028, g2 = 0.274]. Independent
t-tests revealed that, across emotion conditions, individuals
with FXS spent a smaller proportion of time looking at the
eyes [t(1, 30) = 3.28, p = 0.003] and greater proportion of
time looking at the nose [t(1, 30) = -2.58, p = 0.015],
compared to controls. No group difference was found for
gaze duration to the scrambled faces [F(1, 31) = 0.062,
p [ 0.05].
Individuals with FXS demonstrated significantly greater
pupillary reactivity in response to emotional faces, relative
to controls (Fig. 4). A RMANOVA with interval (12),
emotion, and group as independent variables and relative
pupil change as the dependent variable resulted in a main
effect of interval [F(11, 60) = 4.66, p = 0.001,
g2 = 0.134], such that, for all faces combined, there was an
increase in pupil size (dilation) across time for both groups.
A significant interaction between interval and emotion also
was found [F(22, 9) = 3.35, p = 0.033, g2 = 0.891], dri-
ven by pupil dilation to happy and fearful faces for both
groups. A significant interaction between interval and
group [F(11, 60) = 4.72, p = 0.001, g2 = 0.136] showed
that individuals with FXS demonstrated greater pupil
dilation compared to TD controls. No group difference was
found for change in pupil size to scrambled faces [F(1,
31) = 0.722, p [ 0.05].
An exploratory analysis revealed that, in individuals
with FXS, but not controls, pupil dilation in response to the
fearful faces was inversely correlated with number of fix-
ations to the eyes of calm (r = -0.550, p = 0.027), happy
(r = -0.612, p = 0.012), and fearful (r = -0.641,
p = 0.007] faces, as well as proportion of gaze duration to
the eyes of calm faces (r = -0.579, p = 0.019]. There
were no significant sex differences within either group on
any of the above eye tracking measures. However, a lack of
difference may also reflect limitations in statistical power



















































Fig. 1 Mean number of fixations to each AOI region by group for a
calm, b happy, and c fearful faces. Double asterisk indicates
significant difference between pairwise comparisons at the p \ .01
level. Error bars represent SEM
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Finally, correlational analyses revealed no significant
associations between symptoms of autism in individuals
with FXS as measured by the SCQ and ADOS and
number of fixations, gaze duration, and changes in pupil
diameter in response to the faces. This finding is con-
sistent with studies of gaze aversion in individuals with
autism (Dalton et al. 2007; Klin et al. 2002; Speer et al.
2007).
Discussion
These findings reveal both qualitative and quantitative
differences in the way that individuals with FXS visually
process static human faces, and to our knowledge, are the
first to utilize pupillometry as a measure of autonomic
reactivity in individuals with FXS. Individuals with FXS
demonstrated fewer fixations and less gaze time to the eye
Fig. 2 Example fixation plots
from one subject in each group
(TD on left, FXS on right) for a
single a calm, b happy, c
fearful, and d scrambled face
trial. The plot displays a static
frame of fixation data for each
image. Each fixation is
illustrated with a circle where
the radius represents the length
of the fixation. Lines indicate
eye movement scanpath
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region of faces, and increased pupil reactivity to emotional
faces, compared to controls. Importantly, pupil dilation in
response to the fearful faces was inversely correlated with
number of fixations to the eyes of all faces. This pattern
was observed in both males and females with FXS, and was
not significantly associated with severity of autism symp-
tomology. Documentation of face processing differences is
critical for developing treatment approaches aimed at
alleviating the symptoms of social anxiety and has signif-
icant potential for use in assessing specific phenotypic
outcomes following treatment in clinical research studies
(Guastella et al. 2008).
Research has firmly established that FXS and autism are
closely associated. Two to six percent of children with
autism have the FMR1 mutation (Reddy 2005; Wassink
et al. 2001) and approximately 30% of children with FXS
are diagnosed with autism and an additional 20–30% have
PDDNOS (Bailey et al. 2001; Harris et al. 2008; Kaufmann
et al. 2004; Rogers et al. 2001). Researchers have
hypothesized that the presence of autism symptoms in FXS
exists on a spectrum, such that some individuals with FXS
who are also diagnosed with ASD may not be qualitatively
different from those without ASD (D. B. Bailey et al. 2004;
Lewis et al. 2006).
Our results are in line with research demonstrating that
individuals with ASD spend a smaller percentage of time
fixating the eyes (Klin et al. 2002; Merin et al. 2007;
Pelphrey et al. 2002; Spezio et al. 2007), and thus support
the argument that gaze aversion observed in idiopathic
autism and in FXS may reflect similarities in underlying
network dysfunctions (Belmonte and Bourgeron 2006).
Several fMRI studies report reduced activity in the fusi-
form gyrus (FG) when individuals with autism perform














































Fig. 3 Mean proportion gaze duration to each AOI region by group
for a calm, b happy, and c fearful faces. Gaze durations are reported
as percentages and error bars represent SEM. Asterisk and double
asterisk indicate significant difference between pairwise comparisons
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Fig. 4 Relative change in pupil diameter (mm) between scrambled
face slide to a calm, b happy, and c fearful faces, across 250-ms
intervals, by group. Curves are time-locked to the onset of the face
stimulus. Gray shaded region with asterisk or double asterisk
indicates significant pairwise difference at the p \ .05 and p \ .01
level, respectively
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2004; Schultz et al. 2000), and fMRI in conjunction with
eye tracking has shown that eye-gaze in individuals with
autism is positively associated with increased activity and
amygdala compared to controls (Dalton et al. 2005). It has
therefore been suggested that gaze aversion may be a result
of hyperactivation of the amygdala. On the cellular level,
van Kooten et al. (2008) recently reported that the FG in
post-mortem brains of patients with autism show signifi-
cant reduction in neuron density and volume, which could
provide a neurobiological explanation for the atypical
activation of the FG observed in autism. Neuroimaging
studies with individuals with FXS have shown reduced FG
activation to forward faces and equal FG activation to
angled faces, relative to controls (Garrett et al. 2004).
Although our interpretations of a common pathophysio-
logical pathway remain speculative until differences in the
underlying neural circuitry can be better identified, they are
consistent with clinical and research reports of individuals
with FXS, with and without autism, becoming overly
emotionally aroused and anxious during social situations
and therefore averting gaze to facilitate reduction of
arousal.
These results should be viewed in light of a few limi-
tations. Including data from groups of individuals with
idiopathic developmental delay or autism would help to
specify the interpretations and implications of the findings.
While our results establish that individuals with FXS
exhibit abnormal fixation patterns when viewing static
photographs of faces, suggesting that pictures of faces,
particularly eyes, are inherently aversive, using dynamic
social stimuli that resemble real-life social situations would
extend these results. Future studies are required to inves-
tigate these findings as they relate to the function of spe-
cific brain areas involved in social behavior and emotion
regulation.
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